By means of thin (Յ150 nm) and thick (Ͼ150 nm) sections, the shape and position of the sarcoplasmic reticulum and of the Golgi apparatus in the sole plate and in the remaining subsarcolemmal sarcoplasmic region were investigated. For this purpose the membranes were stained by means of imidazole-osmium postfixation and unstained sections analyzed under the electron microscope. Both in the sarcoplasma of the sole plate and around the muscle fiber nuclei, a network of tubules is visible after imidazole-osmium staining which can be identified as the sarcoplasmic reticulum solely on the basis of its contacts with the perinuclear cistern and the cisterns of the triads. Findings in literature on the position of the Golgi apparatus are confirmed and similar spatial relationships and vesiculations between the perinuclear cisterns and the Golgi apparatus of the sole plate nuclei and the other subsarcolemmal fiber nuclei are also demonstrated using this new staining method.
INTRODUCTION
Earlier investigations of the motor end plate (MEP) have shown that the transversal tubular system equals the T-system, which is responsible for the excitation propagation into the interior of muscle fibers. This system has a net-like architecture in the sole plate with continuous connections to the subsynaptic folds (Dauber et al., 1999 (Dauber et al., , 2000 . The sarcoplasmatic reticulum (SR) also occurs in the MEP in a rough and smooth form. Extensive information is available about the shape, extent, and molecular equipment and the proteins of the myofibrillar smooth SR of muscle fibers which run along the myofibrils and the subsarcolemmal space outside the MEP (Volpe et al., 1992; Villa et al., 1993) . However, there is a lack of corresponding information about the SR in the sole plate. In histological sections T-tubules and tubules of the smooth SR cannot be distinguished without the existence of special structure characteristics like triads, which are a combination of two SR cisterns with a central T-tubules (Dauber et al., 1999) , or without the filling of the T-system with extracellular markers; for example, lanthanum (Dauber et al., 2000) .
The aim of the present examination was to analyze more exactly the shape of the SR in the sole plate. For this purpose sole plates of muscle fibers of mice diaphragms were examined with the aid of imidazoleosmium postfixation, which is especially suitable for the representation of membranes and, furthermore, makes the conventional staining of sections to be examined unnecessary (Voigt et al., 2002) . The SR was identified due to its connections with the perinuclear cistern and through the coformation of triads. In order to raise the likelihood of a successful search, an examination was carried out also on thick sections (Ͼ150 nm). Additionally, it turned out that the method is suitable for visualizing the relation between the Golgi apparatus and the perinuclear cisterns, of both the sole plate nuclei and the fiber nuclei outside of the MEP.
MATERIALS AND METHODS
Mice (n ϭ 3) were perfused under anesthetic (Rompun-Ketanest) with 2.5% glutaraldehyde in 0.1 M cacodylate buffer. The middle third of the diaphragm (Bowden and Duchen, 1976) (which is especially rich in end plates) was prepared and cut into small blocks in a Petri dish filled with the same fixating agent. The blocks were left for a further hour in the same fixatives (Dauber et al., 1999 (Dauber et al., , 2000 . Then the tissue was postfixed for 1 hour at 4°C in 1% osmium with 0.1 M imidazole in 0.1 M cacodylate buffer (pH 7.2). After postfixation, the blocks were soaked 3 ϫ 5 min in distilled water, dehydrated by an ascending alcohol series, and embedded in Epon. The sections were mounted on slot apertures to prevent covering of motor end plates by grid crosspieces. The film stability was increased through supplement of 25 l dibutyl phthalate (Kneissler, 1997) onto 50 ml 0.5% Pioloform. Unstained thin (Յ150 nm) and thick (Ͼ150 nm) sections were examined in a transmission electron microscope (LEO912 Omega; Zeiss).
RESULTS
This investigation concentrated on the sarcoplasma of the sole plate and the sarcoplasma in the vicinity of the nuclei outside of the MEP. A distinctly structured tubular network was found in both sarcoplasmic areas outside of their accumulation of mitochondria. As expected, in thin and thick sections it was possible to view a different large portion of this network. This network features distinct connections to the perinuclear cistern of a sole plate nucleus (Figs. 1, 2, 4) (see also fig. 3 in Voigt et al., 2002) , the SR cistern of a triad ( Fig. 3 ) and the perinuclear cistern of a muscle fiber nucleus (Fig. 8) . Because of the shown contacts, this network can be viewed as belonging to the SR. Morphologically, it is possible to differentiate between two portions of this net: a wide-lumened, closely knit portion with round clearings (Figs. 3, 4, 8) and a narrowlumened, loosely knit portion (Figs. 1, 2, 4). All in all, the appearance of the wide-lumened, closely knit portion is reminiscent of a more slender version of the fenestrated collar near the M band of a myofibril.
A Golgi apparatus is regularly present in the sole plate, usually distributed in portions in close proximity to the perinuclear cistern of the sole plate nucleus (Figs. 2, 5) . However, the Golgi apparatus has a similar relationship to the subsarcolemmal nuclei of the muscle fiber far outside the MEP (Fig. 5) . Near the Golgi apparatus, the perinuclear cistern displays vesicle-like protrusions pointing toward it (Fig. 6) . Protrusions of this kind appear to be more numerous at the sole plate nuclei than at the fiber nuclei far outside the MEP. Because the sole plate nuclei are located just below the subsynaptic folds, there are also close spatial relationships between the sarcolemma of the folds and the Golgi apparatus (Fig. 7) .
DISCUSSION
The investigation has shown that imidazole-osmium postfixation without conventional section staining is effective in displaying the morphology of membrane structures. Thus, a tubular network underneath the subsynaptic folds is shown here which, when imidazole-osmium postfixation is used (as opposed to the Ur-Cu-Pb technique [Segretain, 1995] ), is revealed to be a membrane-covered tubular system. Only on the basis of its contacts with the perinuclear cistern or the cistern of the triads is it possible to recognize this tubular network as belonging to the SR.
The use of conventional section-staining after the imidazole-osmium postfixation for the purpose of highlighting the ribosomes can serve to differentiate the rough SR of the sole plate sarcoplasm (Voigt et al., 2002) . However, it is still not possible to differentiate between profiles of the smooth SR of the sole plate and T-tubules of the sole plate (Dauber et al., 2000) . Here the same problems of visualizing and differentiation between the myofibrillar smooth SR and the myofibrillar longitudinal T-system occur in the area of the myofibrils (Peachey, 1965; Eisenberg et al., 1974; Dulhunty et al., 1984) . The Ur-Cu-Pb method is likewise unsuitable for demonstrating the differences in structure. This method stains not only the SR, but also the myofibrillar T-system between the triads (see fig. 2 in Rambourg and Segretain, 1980) . The Ur-Cu-Pb method causes confusion in distinguishing SR and T-tubular membranes in the sole plate. At present, there is no means of simultaneously highlighting both the SR system and the T-system of the sole plate so as to be able to completely map them in an ultrastructurally differentiated fashion. Thus, even ultrathin serial sections are unsuitable since in every section the issue would have to be set up for the identity of a tubular profile. In thick sections (Ͼ150 nm) more extensive portions of Fig. 1 . Section of a MEP in the area of the sole plate. The sarcoplasm of the sole plate is invested with a branching system of tubules (➝). Exits of this tubular system from the perinuclear cistern (F) can serve to identify them as sarcoplasmic reticulum; Golgi apparatus ‫;)ء(‬ presynapse (A), subsynaptic folds (F); sole plate nucleus (N); 300 nm thick section; 8,500:1. Fig. 2 . Detail of Figure 1 . The sarcoplasm of the sole plate is invested with a branching system of tubules (➝). Exits of this tubular system from the perinuclear cistern (F) can serve to identify them as sarcoplasmic reticulum; Golgi apparatus ‫;)ء(‬ presynapse (A), subsynaptic folds (F); sole plate nucleus (N); 300 nm thick section; 20,000:1. Fig. 3 Section of an MEP in the area of the sole plate. Beginning from the SR cistern (➤) of a triad, a tubular network extends to beneath the subsynaptic folds (F). There, the net thickens so that only small sarcoplasmic lumina (3) are visible between the individual tubules; presynapse (A), sole plate nucleus (N). 120 nm thick section; 25,000ϫ. Fig. 4 . Section of a sole plate directly beneath a sole plate nucleus. A loosely knit net is spread out (➙) between the subsynaptic folds (F) and the perinuclear cistern. Near the cell nucleus, this loosely knit net transitions into a closely knit net with small holes (3). Transition between the net and the perinuclear cistern (F); sole plate nucleus (N); 120 nm thick section; 25,000ϫ. 8 . Section of the sarcoplasma at the pole of a muscle fiber nucleus (fN). The Golgi apparatus ‫)ء(‬ lies directly underneath the perinuclear cistern. Protrusions (➤) of the perinuclear cistern extend into the area of the Golgi apparatus. At the same time, a network of tubules (➝) is visible which, due to its contact with the perinuclear cistern (F), can be identified as the SR. The closely knit portion of the network is so densely structured that only small sarcoplasmic lumens are visible through the mesh (3). Sarcolemma (S). 120 nm thick section; 25,000ϫ. the tubular network of the smooth SR can be shown than is possible in thin sections (Dauber et al., 2000) .
Portions of the network resemble the fenestrated collar around the myofibrils, which is responsible for the return transport of released Ca 2ϩ . In analogy to this function, one could postulate that a certain Ca 2ϩ environment in the sole plate is being maintained by means of the return transport of Ca 2ϩ which is released in the sarcoplasm of the sole plate by the triads of the sole plate (Dauber et al., 1999 (Dauber et al., , 2000 and which streams into the sarcoplasm of the sole plate through the subsynaptic folds (Decker and Dani, 1990) .
There is a controversial discussion concerning the position of the Golgi apparatus in adult skeletal muscle tissue. Thus, the Golgi apparatus in adult skeletal muscle tissue is supposedly located only in the sole plate and is associated with the subneural sole plate nuclei (Jasmin et al., 1989 (Jasmin et al., , 1990 (Jasmin et al., , 1995 Cartaud and Changeux, 1993; Cartaud et al., 2000) . However, in adult skeletal muscle tissue it has also been shown outside of the sole plate at the poles of the muscle fiber nuclei (Ralston, 1993) . As demonstrated here, the Golgi apparatus is located both in the sarcoplasma of the sole plate and around the remaining muscle fiber nuclei outside the MEP. Furthermore, in both locations there are comparable shapes of protrusions from the perinuclear cistern to the Golgi apparatus. Thus, we can recognize as in myotubes not only a contiguity between the Golgi apparatus and the perinuclear cistern (Tassin et al., 1985) , but also an increased number of protrusions of the perinuclear cistern in direction of the Golgi apparatus without microtubules between these two structures. Because of this contiguity in myotubes, geometrical difficulties in the transport of vesicles between the rough and smooth SR and the cis-side of the Golgi apparatus are discussed (Tassin et al., 1985) . Since the SR touches the perinuclear cistern, as shown here, a transport of substrate by means of protrusions in the direction of the Golgi apparatus should be possible.
